The ultracentrifuge has become a well established tool in virus research, because with this apparatus advantage can be taken of the size of viruses to permit the concentration and purification of these substances. The finding of Schultz and Raffel (1) that poliomyelitis virus from infected spinal cords can be sedimented in the ultracentrifuge has recently been confirmed (2, 3). It has also recently been demonstrated that the analogous virus of mice discovered by Theiler (4) can also be concentrated and purified in this apparatus (5, 6).
Methods and Materials
Type of Stools.--The stools in which virus was suspected and which were tested came from the following sources: 4 human, paralytic poliomyelitis patients (M.K.j T.L., M.M., and J.M.); 1 human, abortive poliomyelitis case (H.S.); 1 human, questionable abortive case (S.F.); 1 cynomolgus monkey (20-13) which had developed poliomyelitis after being inoculated (intra-abdominally and intranasally) with an extract of flies trapped in an epidemic area (New Brunswick, Canada, October, 1941); 2 cynomolgus monkeys (20-24 and 20-25) and 1 mona monkey with poliomyelitis which had been induced by sub-and intracutaneous inoculation of the SK virus strain; and 1 chimpanzee (18-59) which had likewise received a sub-and intracutaneous inoculation of SK poliomyelitis virus, but in which no symptoms of experimental poliomyelitis appeared.
The control stools, in which virus was not suspected, were treated in the same fashion as those above. They came from the following sources: 6 normal children (N.C.); 3 youths with "infectous" jaundice (G.M., W.R., and N.S.); 2 cynomolgu~ monkeys (20-24 and 20-25) before they were inoculated with poliomyelitis virus; 1 chimpanzee (18-59) before inoculation; and 1 mona monkey and 1 chimpanzee, post-inoculation. These last two animals had been inoculated several months previously with the SK strain, and were presumably immune at the time of their second inoculation.
Storage of Stools before Preparation of Inocula.--The stools were generally stored
on the day of collection, or within a few days, in a dry-ice chest kept at -70°C.; however, in two cases (M.M., both tests; and T.L., u.-i.c, test), the stools were stored at 0°C. for 125 days before they were tested.
Preparation of Inocula.--The stools were extracted with cold, sterile, distilled water in a Waring blendor. The amount of water used for each stool varied from 2 to 10 parts of water to 1 part of solid stool, depending on the amount of stool available. This was done to keep the volume of the extract between 90 and 100 cc., inasmuch as the capacity of our ultracentrifuge rotor is 92 ec. The extraction in the blendor was carried out as follows to prevent the suspension from becoming warm: 50 cc. of cold, sterile water were added to 10 to 50 gin. of frozen stool, and the extraction was allowed to proceed for 5 to 10 minutes. At this time 50 cc. of sterile, distilled water were added in the form of ice, and the extraction continued for another 5-to 10-minute period. The contents of the blendor were centrifuged in an angle head at 3,000 R.p.~s. for 20 minutes. The supematant fluid was then filtered through sterile gauze. The turbid filtrate was subjected to ultracentrifugation at 18,000 ml,.~x. (average centrifugal force about 23,000 × gravity) for 20 minutes, in a Beams air-driven ultracentrifuge equipped with a cooling jacket kept at 4-10 ° by means of a refrigerated water circulation system. The 10 ° angle rotor of Masket (7), which permits a shorter and more efficient path of sedimentation, was used. It was cooled to about 4 ° before the run. The atmosphere in which the rotor spun was H~ at a pressure of 20 ram. Hg.
Mter the run, the yellow-brown, slightly opalescent, supernatant fluid was removed from the large, dark brown pellets. These pellets were discarded, and the supernatant fluid, after being made up to 92 cc. with sterile water, was subjected to a second run in the ultracentrifuge at 39,000 mp.*t. (average centrifugal force about 107,000 × gravity) for 60 minutes. The clear, yellow-brown supernatant fluids were poured off and discarded. The surface of the amber-colored, gelatinous pellets, and the walls of the centrifuge tubes were washed two times with sterile, distilled water. The pellets were combined and suspended by rubbing with a rubber-tipped glass rod in 1 to 2 cc. of 0.02 ~s phosphate buffer at pH 8.0. Aggregated particles were removed from this last suspension by a third spinning in the ultracentrifuge at 18,000 R.P.M. for 20 minutes. The supernatant fluid was pipetted off, and 1 cc. was inoculated intracerebrally into a monkey. Either between the first and second, or between the second and third ultracentrifugations, the stool preparations were treated with about one-half their volume of ether, and kept at 0°C. for about 16 hours for bactericidal purposes. The final inocula usually, but not always, failed to produce any growth on blood agar plates.
For the comparison series, the intra-abdominal method of Trask, Paul, and Vignec (8) was combined with the intranasal method of Howe and Bodian (9) . Here the stools were treated with 10 times their weight of cold, sterile, distilled water, and either shaken in a flask with glass beads for about 10 minutes, or extracted in the Waring blendor for about 5 to 10 minutes. The suspension was divided into two parts, (a) and (b); (a) was removed and kept at 4°C., and 2 cc. of this suspension were instilled intranasally daffy into a monkey for 3 consecutive days, with nasal swabbing on the 1st and 3rd days. The remainder of the suspension, (b), was treated overnight at 4 ° C. with 15 per cent ether by volume. It was then centrifuged at 2,800 g.P.~r. for 20 minutes, and 10 cc. of the middle, aqueous layer were removed and inoculated intra-abdominally into the same monkey on the 2nd day of the intranasal instillations. Six monkeys were also inoculated with stool extracts prepared according to a modification of a method suggested by Cralgie. 1 A 10 per cent stool suspension was treated overnight at 4 ° C. with 15 per cent by volume of ether which had been washed several times with sterile, distilled water. After centrifugation of the middle, aqueous layer at 3,200 R.P.M. for 35 minutes, 1.8 cc. of the supernatant fluid were added to 0.2 cc. of 5 per cent phenol, and mixed. After a 30 to 40 minute contact period, 1 ec. of the etherized phenolated stool preparation was inoculated intracerebrally.
Animals.--50 rhesus (Macacus mulatta) monkeys and 1 green African (Cercopithecus aethiops sabaeus) monkey, weighing from 1.8 to 3.5 kg., were used in these experiments. Of these, 26 had been used before in testing either inactive stools intra-abdominally and intranasally, or inactive sewage intra-abdominally, or inactive flies intra-abdominally, intranasally, and intracerebrally. These used monkeys appeared to be as susceptible to poliomyelitis as unused monkeys. All intracerebral inoculations were performed under ether anesthesia. Monkeys were exercised daily, and daily rectal temperatures were recorded for 4 weeks after intracerebral injection, and for 5 weeks after intra-abdominal-intranasal inoculation. Criteria for successful infection with poliomyelitis virus were those employed by Trask and Paul (10) .
RESULTS
The details of all the tests in which the various methods are compared are presented in Table I .
Human Stools.--Stools from six human patients (four paralytic cases, one abortive, and one questionable abortive case) have been tested by both the i.a.-i.n, method and the u.-i.c, method. When tested in rhesus monkeys, two of the six stools were positive by the i.a.-i.n, routes, whereas five of the six were positive when tested by the intracerebral route. The negative in the series was a stool from a questionable abortive case (S.F.); for this test only a very small amount of the stool was available.
In the case of the M.K. stool, it is pertinent to note that in 1940 this specimen was found to contain poliomyelitis virus, but its demonstration was not easy: An intra- • .. -----negative test.
-[--positive test. n.s. = not sacrificed, inc. = incomplete, f = frozen in purified state for 67 days. post I = stools of 1st week after the intracutaneous inoculation of the SK strain of virus. pre = stools collected before inoculation. + 1 0 = on the 10th day after inoculation fever or paralysis developed, as indicated. * Monkey had been used previously for testing inactive stools, sewage, or flies, for virus. 7th day of disease, tested 1 day after collection. § 11th day of disease, tested 120 days after collection, kept at 0 °. i] Brain abscess. ** Acute death from injection; no brain abscess present.
abdominal injection in a green African monkey produced what might be called an abortive attack (slight rise in temperature on the 9th day; no paralysis; lesions in the spinal cord), but in a rhesus monkey (16-26), neither symptoms nor lesions were present. 2 However, when this same specimen, which had been frozen at -70 ° for 2 years, was tested by the u.-i.c, method, paralysis (quadriplegia) was produced on the 10th day.
Monkey Stools.--The stools from four monkeys (3 cynomolgus and 1 mona) with experimental poliomyelitis which had been induced in three of the monkeys by sub-and intracutaneous inoculation (11) and in one by i.a.-i.n, inoculation of virus-infected flies (12) were also tested. By the conventional i.a.-i.n. method, all yielded negative results in three rhesus monkeys. When these same stools were concentrated and purified by ultracentrifugation and then injected intracerebrally into three rhesus monkeys, all three animals became paralyzed. In addition to the stools of two of these cynomolgus monkeys, the contents of the intestines of these animals, obtained at autopsy, also produced a positive test when tested by the u.-i.c, method.
Chimpanzee Stools.--Following the subcutaneous injection of the SK strain of poliomyelitis virus into a chimpanzee (18-59), no clinical signs of illness were observed. When the stools collected during the 1st and 2nd weeks after inoculation were tested by the i.a.-i.n, method and by Craigie's intracerebral method, no symptoms were produced in the test monkeys. However, when the u.-i.c. method was applied, these same lst-and 2nd-week stools produced poliomyelitis in two monkeys. Moreover, with the u.-i.c, method, virus was also found in the stools excreted in the 3rd and 4th weeks. The method yielded evidence, therefore, that an experimental "healthy carrier" state had apparently been produced in the inoculated chimpanzee. Table I , it appears that normal stools when treated in the ultracentrifuge in the same way as stools from patients or experimentally infected animals do not yield concentrates which are capable of producing poliomyelitis in monkeys. Stools from the normal chimpanzee (18-59) were negative before this animal received the subcutaneous SK virus injection; also the pre-and post-inoculation stools of a chimpanzee (18-58) which had been inoculated with the SK strain 6. months previously and was presumably immune, were also negative. Also negative were the pre-inoculation stools of the cynomolgus monkeys which yielded positive post-inoculation stools. Whereas following inoculation a normal mona monkey (18-90) produced virus-containing stools, an SK-immune mona monkey (18-13) failed in this capacity.
Controts.--From

Preservation of Concentrate at --70°.--To test the stability of the virus at --70 °
in the purified concentrated form, 1 cc. of an ultracentrifugal preparation of This may be another example to indicate that the green African monkey is more susceptible to poliomyelitis virus than the rhesus monkey (10). chimpanzee 18-59 stool of the 2nd week post-inoculation was tested, while 3 cc. of the same preparation were frozen in the dry-ice chest. The inoculated sample proved positive (21-60). 2 months later, the frozen sample was thawed, and 1 cc. inoculated . This monkey came down with poliomyelitis with an even shorter incubation period than the first monkey. Table I there are presented the amounts of stool represented in the final inocula. It is apparent that the ultracentrifugal method allows one to inoculate the virus present in much larger amounts of stool into monkeys. In this laboratory the maximum amount of stool which is tolerated consistently well by the monkey in the i.a.-i.n, method is 1.6 gm. With the aid of the ultracentrifuge, as much as 30 gm. of stool have been concentrated into 1 cc., which has then been inoculated intracerebrally. Not only may larger amounts of stool be used to prepare the inocula in the new method, but also the virus is immediately placed in more intimate contact with the central nervous system.
Comparative Amounts of Stools Inoculated by the Intra-Abdominal-intranasal and Ultracentrifugal-Intracerebral Methods.--In
Cemparative Effectiveness of Intra-A bdominal-Intranasal and UltracentrifugalIntracerebral
Methods.--Two titration experiments were conducted in an attempt to determine the relative effectiveness of the two methods. The data are presented in Table II . In the first experiment a sample of stool collected from a winter poliomyelitis patient (J.M.) was titrated in successive tenfold dilutions. The amount of virus must have been small, however, for only the monkey (21-09) which received the ultracentrifugal concentrate from 9.0 gin. of stool succumbed to the virus.
In the second experiment, three positive stools from M.K., M.M., and T.L. (see Table I )were pooled and again tested by both methods in successive tenfold dilutions. Unfortunately the monkey which received the largest amount of the ultracentrifugal concentrate (5.0 gm.) died within 24 hours after receiving the inoculum. However, the monkeys which received the tenfold and hundredfold dilutions of the ultracentrifugal concentrate both came down with poliomyelitis, whereas none of the monkeys which received the stool by the intra-abdominalintranasal method developed any symptoms. In this one experiment it would appear that the u.-i.c, method was at least 100 times more sensitive than the i.a.-i.n, method.
Also on the basis of the amount of stool used to prepare the inocula, the u.-i.c, method proved more sensitive in this instance than the i.a.-i.n, method. Only 0.05 gin. of stool upon concentration in the ultracentrifuge was positive, whereas 1.5 gm., or 30 times that amount, by the i.a.-i.n, method were negative.
Early Deaths and Brain Abscesses.--Of 33 monkeys injected intracerebrally
with ultracentrifugally concentrated material from stools, two died within 24 hours of the inoculation; and six were found to have brain abscesses at autopsy. Inasmuch as the monkeys often appeared dazed for a few days following inocu-lation, it appears that a higher incidence of brain injuries and perhaps transient infections were present. In many eases the site of injection at autopsy was invisible, or was perceived with difficulty. Table I . * Monkey had been used previously for testing inactive stools, sewage, or files, for virus. Animal was excited and tremulous on 5th to 9th days, and then recovered to run a normal course for the next 19 days, at the end of which time it was sacrificed. No lesions were found in its cord. § The data in Table I show that each of the components of this pool (M.K., M.M., and T.L.) yielded positive tests when large amounts of stool were represented in the inocula (7.5, 2.8, and 2.8 gm.).
Susceptibility of Used Monkeys to Ultracentrifugal Concentrates.--Eleven
monkeys had previously been used for testing inactive stools, sewage, or flies, and were used in the present experiment for testing stools by the u.-i.e, method. Of these, nine developed poliomyelitis. Of the others, one received the concentrate from only a small amount of stool (0.3 gin.) of a questionable abortive ease, and the other received a concentrate which had been diluted 1,000-fold.
Both the lO-fold and lO0-fold diluted samples of this concentrate proved capable of producing poliomyelitis in used monkeys. It appears from these results that certain used monkeys, tested previously with inactive material, may be successfully employed again with the u.-i.c, method.
DISCUSSION
The detection through animal inoculation of the virus of poliomyelitis in human nasopharyngeal washings (13, 14) , stools (8, 14, 15) , sewage (16) , and flies (17, 18) , indicates the importance of methods for the preparation of suitable inocula. The limitations of most of the old methods (8, 9, 13, 14, 19, 20, 21) are: (a) the most readily available experimental animal (rhesus monkey) is relatively resistant, (b) only small amounts of the crude materials from nature can be tolerated by the monkey, and (c) concentrates have represented not only a concentration of virus, but also a concentration of many substances which are toxic for the monkey. Consequently the quantities of the samples to be tested have remained small. With the ultracentrifugaMntracerebral method, relatively large amounts of stools can be used to prepare the inocula, for the bacteria and toxic materials present are eliminated in the process of concentrating the virus. In an earlier report from this laboratory (20) , ammonium sulfate precipitation of etherized stool suspensions was suggested as a means for the partial elimination of toxic substances. The method reported in the present paper allows one to attain this end more effectively.
Several years ago the virus of poliomyelitis was sought in stools by intracerebral inoculation of extracts, but the ease with which brain abscesses were induced in the inoculated monkeys had rendered this method difficult. As a result, the intra-abdominal and the intranasal routes were investigated, and a method combining both these routes became the method of choice. Recently Craigie has reopened the use of the intraeerebral inoculation of stool extracts. The present report is a further step in the development of a more sensitive method for the detection of poliomyelitis virus. SUMMARY 1. By means of differential ultracentrifugation, a purified and concentrated macromolecular fraction has been regularly obtained from infected human, monkey, and chimpanzee stools. This fraction was isolated from sixteen stools in which virus was thought to be present, and inoculated intracerebrally into sixteen monkeys, of which fifteen developed poliomyelitis.
2. Eleven stool specimens in which virus was suspected, when tested separately in eleven monkeys by the intra-abdominaMntranasal method, produced poliomyelitis in two of these animals. When the same specimens were tested separately by the ultracentrifugaMntracerebral method, poliomyelitis developed in ten monkeys out of eleven inoculated.
